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 The unplanned overnight admissions and unexpected consultations are low.
 Hospital readmissions and patient reoperation were lower than 5%.
 The morbidity of DCA is lower than 15%.
 The patient satisfaction is higher than 90%.a r t i c l e i n f o
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Background: Day-case appendectomy (DCA) for acute appendicitis has been suggested as a valuable
alternative to traditional appendectomy but many surgeons are reluctant to apply this technique in
adults. The aim of the present review is to discuss the feasibility of DCA in adults.
Methods: Three reviewers independently searched the Pubmed and Embase databases for articles on
DCA. They then considered the criteria applicable to the surgery, day-case surgery, time taken for pa-
tients to resume normal activities, mean time to resumption of work and patient satisfaction.
Results: Between 1993 and 2012, 13 studies (with retrospective (n ¼ 8), prospective (n ¼ 4) or case-
control study (n ¼ 1) designs) dealt with DCA. A total of 1152 adults underwent DCA. 312 patients
(27.08%) were discharged within 12 h, 614 (53.29%) within 24 h and 242 (21.01%) within 72 h.
Conclusion: The few data reported in 13 studies, suggest that DCA may be feasible. However prospective
studies are needed before DCA can be recommended.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Appendicitis is one of the most frequent medical emergencies,
with around 120,000 case per year in France and over 40,000 per
year in the UK [1,2]. This incidence peaks in the 20e30 age class [3]
and the lifetime rate is between 6% and 10% [4,5]. In France, the; UOA, unplanned overnight
; RCT, randomized controlled
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by Elsevier Ltd. All rights reservedmedian length of stay is around 3 days in case of traditional surgery.
Open appendectomy was ﬁrst described by George Thomas Martin
in 1887 and by Charles McBurney in 1889. Laparoscopic appen-
dectomy was introduced by Kurt Semm in 1983 and now accounts
for the majority of operations in this condition.
In France, ambulatory surgery (AS) is deﬁned as an outpatient
treatmentmode inwhich the length of hospital stay (LOS) is shorter
than 12 hwithout an overnight hospitalization. Ambulatory surgery
was designated as a French national healthcare priority in 2010.
Three French learned societies (the French Society of Digestive
Surgery (SFCD), the Association of Hepatobiliary Surgery and
Transplantation (ACHBT) and the FrenchAssociation for Ambulatory
Surgery (AFCA)) have jointly proposed evidence-based guidelines
for AS [6]. These guidelines can be applied to elective surgical
operations such as fundoplication in gastro-oesophageal reﬂux
disease [7,8], laparoscopic adjustablegastric bandingandproctology.
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appendectomy is associated with low morbidity and mortality,
the learned societies nevertheless state that the feasibility
of ambulatory surgery remains to be proven because of the lack of
intention-to-treat studies and differences in the deﬁnition of AS.
To circumvent the constraints and difﬁculties of ambulatory
surgery, day-case surgery (DCS) has been suggested as an alterna-
tive. In DCS, the LOS is rather than 24 h and again does not involve
overnight hospitalization. This new treatment mode has been
applied to a number of pathologies including appendectomy. In
deed, day-case appendectomy (DCA) has been described as safe and
effective in children [13e15]. However the available data on adults
are not pertinent and reproducible enough to enable a consensus to
be formed. The aim of the present review is to discuss the feasibility
of DCA in adults.
2. Methods
2.1. Deﬁnitions
Is considered as an “ambulatory surgery” (AS) a procedure in
which the hospital LOS is shorter than 12 h whereas a “day case
surgery” (DCS) is characterized by a hospital LOS shorter than 24 h
without an overnight hospitalization. Despite this difference, AS
and DCS correspond to variations on the theme of “outpatients
surgery”.
The unplanned overnight admission rate represents the pro-
portion of patients who are discharged more than 24 h after the
surgical procedure (in case of DCS) or more than 12 h after the
surgery (in case of AS) and are thus hospitalized for at least one
night. The unexpected consultation rate reﬂects the number of AS
or DCS patients attending the emergency department for a post-
operative problem. The hospital readmission rate is deﬁned as the
number of patients who are discharged from hospital after AS or
DCS but are subsequently readmitted. Lastly, the reoperation rate
reﬂects the proportion of patients who are operated on after their
post-AS/DCS discharge. The latter four items are deﬁned as quality
indicators for AS by the International Association for Ambulatory
Surgery.
2.2. Search strategy and selection criteria
Three reviewers independently searched the Pubmed and
Embase databases for prospective, retrospective or case-control
articles on DCA for appendicitis in adults published between 1993
and 2012. The search terms were “ambulatory surgery”, “day-case
surgery”, “outpatient surgery”, “same-day surgery”, “appendicitis”
and “appendectomy”. Even though the deﬁnitions of AS and DCS
differ somewhat, both were selected because they correspond to
outpatient settings. Only full, original articles written in English
were selected. In each selected article, the references were checked
for studies not identiﬁed or listed in PubMed and Embase.
2.3. Data extraction and analysis
The three reviewers extracted the following data from each
selected study: ﬁrst author, date, type of study, number of patients
included and the inclusion and exclusion criteria. The data were
separated into subgroups: data related to appendicitis and the
surgical procedure (the severity of the appendicitis, surgical access,
the rate of conversion to open surgery and the mean operating
time), those related to DCS (unplanned overnight hospitalizations;
unexpected consultations; readmission; reoperation and the mean
LOS); those related to postoperative outcomes (causes of post-
operative mortality and morbidity) and, lastly those related to thepatients’ activities (time taken for patients to resume normal ac-
tivities and mean time to resumption of work). Patient satisfaction
was also recorded. All extracted data were recorded in a table.
2.4. Assessment of the quality of selected publications
The methodological quality of the clinical trials was indepen-
dently evaluated by the three reviewers according to criteria pub-
lished by the Centre for Evidence-Based Medicine in Oxford [16]
level 1a, systematic reviews and meta-analyses of randomized,
controlled trials (RCTs); level 1b, individual RCTs; level 2a, sys-
tematic reviews and meta-analyses of cohort studies; level 2b, in-
dividual cohort studies, including low-quality RCTs; level 3a,
systematic reviews of case-control studies; level 3b, individual
case-control studies; level 4, case series (either prospective or
retrospective); level 5, expert opinion.
Any disagreements between the three reviewers on data quality
were resolved by consensus.
3. Results
3.1. Identiﬁed and selected publications
Two hundred and ﬁfty-nine references were considered as
eligible for review. Only 13 (5.02%) turned out to be relevant,
English-language, full-text, original articles on appendicitis in
adults. Eight of these studies were retrospective (level 3b) [17e24],
four were prospective (level 2b) [25e28] and one was a case-
control study (level 4) [29]. No randomized trials or meta-
analyses were in Pubmed and Embase searches. Only one
comparative study was found [20] which prevented us from per-
forming a meta-analysis. The review's ﬂowchart is shown in Fig. 1.
3.2. Number of patients enrolled
One thousand three hundred and eighty-one adults with either
acute or perforated appendicitis were included in the 13 selected
studies. A total of 1152 adult patients (83.42%) underwent DCS.
Ambulatory surgery for acute appendicitis was reported in two
European retrospective studies [21,29], two American retrospective
studies [23,24] and one prospective study [28], in which a total of
312 patients were discharged during the ﬁrst 12 h (27.08% of all the
adults included in the total reviewed series). Day-case appendec-
tomy was mainly found in North American series (with seven
retrospective studies [17e20,22e24] and two prospective studies
[28,25]). In all, 614 patients were discharged the same day andwere
thus classiﬁed as having undergone DCS (53.29% of all the adults
included in the total reviewed series). The last three selected
publications dealing with “early discharge surgery” [23,26,27]
included 242 patients (21.01% of all cases of appendicitis) dis-
charged within 46e57 h of surgery.
3.3. Inclusion criteria
The most frequent inclusion criteria for DCA were as follows: a
clinical diagnosis of acute appendicitis; age under 65; an adult carer
available to monitor the patient for the ﬁrst 24 h post-discharge;
place of residence within 1 h of a hospital; active telephone line
available; ASA grade I or II and good patient compliance.
3.4. Exclusion criteria
The main exclusion criteria were as follows: complicated
appendicitis; pregnancy or breastfeeding; unstable vital signs or
fever; pain uncontrolled by oral analgesics; objective signs of
Fig. 1. Synopsis of the review.
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cedure; a history of abdominal surgery and status as award of court
or a prisoner.
3.5. Surgical treatment
Data on surgical treatment are shown in Table 1. We divided the
severity of appendicitis into two categories: not inﬂamed (29.8%)
and inﬂamed (including purulent, necrotic or gangrenous appen-
dicitis) (70.6%). Patients with complicated appendicitis were
observed in ﬁve of the 13 selected articles. Seventy-seven percent
of the DCA patients underwent laparoscopy. The mean rate of
conversion to open surgery was 4.17%; this parameter was not re-
ported in four articles [18,19,23,24]. The mean duration of appen-
dectomy was 46.14 min (range: 10e140 min).
3.6. Postoperative management
Postoperative management was detailed in three articles
[17,22,28] and consisted of antibiotic and analgesic administration.
As part of DCA, patients were given ﬂuids and solids as soon as
possible and encouraged to move. On their discharge, patients
received a prescription for analgesics.
3.7. The characteristics of DCA
The characteristics of DCA are reported in Table 2.Table 1
Surgical management of appendicitis.
Author, year of
publication, [Ref]
Mean operative
time (min)
Conversion
(%)
LOS (h) Patient's
satisfaction
(%)
Ambulatory appendectomy (LOS < 12 h)
Jain, 1994, [21] 58 (30e105) 12 <12 NR
Dubois, 2010, [29] NR 0 4.7 (3e16) NR
Day-Case appendectomy (LOS < 24 h)
Ramesh, 1993, [25] NR 0 <24 NR
Schreiber, 1994, [19] 45 (30e120) NR <25 NR
Brosseuk, 1999, [20] 36 (15e65) 13.4 <24 NR
Alvarez, 2000, [17] 52 (27e98) 22 <24 100
Ciardo, 2007, [18] NR NR <24 NR
Gilliam, 2008, [12] 35 (20e80) 0.9 22 (4e168) NR
Sabbagh, 2011, [28] 54 0 14 93.7
Cash, 2012, [23] NR NR <24 NR
Cash, 2012, [24] NR NR <24 NR
Early discharge appendectomy
Salam, 1995, [26] NR NR 57 (36e72) 83.3
Lord, 1996, [27] 43 (10e140) 0 46 (16e424) 88
NR : not reported; LOS : length of stay.3.7.1. Unplanned overnight admissions
The unplanned overnight admission rate was 32.11% (on the
basis of 9 out of 13 studies). The most frequent medical reasons for
unplanned overnight admission were pain, nausea, vomiting and
difﬁculty in (or intolerance of) drinking and eating. Unplanned
overnight admissions were also due to social factors (inadequate
living conditions) and technical factors (surgery performed too late
in the day for discharge).
3.7.2. Unexpected consultations
The reported unexpected consultation rate ranged from 0% to
11.11% in four retrospective studies and two prospective studies
[17,18,20,21,26e29] with a mean rate of 3.16%. The main explana-
tions given by the authors were pain, wound infection, deep ab-
scess, weakness, nausea and vomiting. In the majority of the
selected articles, these consultations occurred within the ﬁrst 30
postoperative days.
3.7.3. Hospital readmissions
The reported hospital readmission rates ranged from 0% to 5.1%,
with a mean value of 2.01%. The most frequent causes were wound
infection, fever and deep vein thrombosis. The hospital admission
rate was nil or not mentioned in ﬁve of the 13 selected articles.
3.7.4. Patient reoperation
The reoperation rates ranged from 0% to 2.5% and averaged
0.63%. Reoperation was mainly related to wound abscesses andTable 2
Characteristics of DCA.
Author, year of
publication, [Ref]
Unplanned
overnight
admission (%)
Unexpected
consultation
(%)
Readmission
(%)
Reoperation
(%)
Ambulatory appendectomy (LOS < 12 h)
Jain, 1994, [21] 53.33 2.8 2.8 NR
Dubois, 2010, [29] NR 11.11 3.3 NR
Day-Case appendectomy (LOS < 24 h)
Ramesh, 1993, [25] 31.85 NR 1.3 NR
Schreiber, 1994, [19] NR NR NR NR
Brosseuk, 1999, [20] 17.95 5.13 5.1 2.5
Alvarez, 2000, [17] 52.6 0 0 0
Ciardo, 2007, [18] 19 0 0 NR
Gilliam, 2008, [22] 36.6 0 0 0
Sabbagh, 2011, [28] 27.2 3.1 3.1 0
Cash, 2012, [23] 17.1 NR NR NR
Cash, 2012, [24] 17.1 NR NR NR
Early discharge appendectomy
Salam, 1995, [26] NR NR 2.5 NR
Lord, 1996, [27] 49 NR NR NR
NR : not reported; LOS : length of stay.
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abdominal drainage. Nevertheless, the reoperation rate was not
reported for 7 studies [18,19,21,25e27,29] and was nil in 4 studies
[17,22,23,28].
3.8. Outcomes after DCA
3.8.1. Morbidity and mortality of DCA
The mortality rate was nil whereas the morbidity rate ranged
from 0 to 13%, with an average value of 4.17% [16e22,28,29]. The
main causes of morbidity werewound infections, peritonitis, minor
bleeding and hematoma.
3.8.2. Follow up and patient satisfaction
The adults were followed up for the ﬁrst month after surgery. A
variety of tools were used to evaluate patient satisfaction. Indeed,
patients were variously questioned before discharge [26]; during
the follow-up period (on whether she/he was happy to have been
discharged early) [17,27] or at a consultation 1 month after the
surgical procedure [28]. Patients were questioned by a community
nurse (as in Alvarez et al. [17] and Lord et al. [27]) or by the oper-
ating surgeon [28]. In the four articles reporting on patient satis-
faction, the rate ranged from 83 to 100% and averaged 91.2%.
3.8.3. The patients' activities
Three publications reported the mean time to resumption of
work [19,25,27] but only one presents the time taken for patients to
resume normal activities [25]. The time taken for patients to
resume normal activities was 3 days (range: 2e7) whereas the
mean time to resumption of work was around 8 days (range: 7e14).
These data were collected at the postoperative consultation one
month after surgery.
4. Discussion
These studies present DCA as a feasible, safe alternative but their
conclusions should be considered with some caution. Most of the
studies were retrospective, with an evidence level of 3b or 4. These
low evidence levels reﬂect non-optimal methodologies and could
reduce the studies' power and statistical signiﬁcance. The retro-
spective design may also explain the lack of comparability between
the patient groups at the origin of the absence of results extrapo-
lation. The application of novel statistical methods (such as the
propensity score) might help resolve these differences.
In a few studies, patients were discharged early (i.e. after 2 or 3
days). These different deﬁnitions prevent the readers from drawing
ﬁrm conclusions as to the advantages and disadvantages of DCA.
However, some of the extracted data (such as the mortality and
morbidity rates) are similar to those reported by Blanqvist et al. [30]
and Helmer et al. [31] respectively.
The high unplanned overnight admission rate appeared to be
mainly due to four types of factors. Medical factors (pain and
nausea) could be reduced by the establishment of standardized
protocols. Social factors could be addressed by better selection of
eligible patients. Technical factors could be enhanced by reducing
the time interval between the admission to the emergency de-
partments and the surgical procedure. Human factors are also
involved; we suggest that the patient's fear of home discharge too
soon after appendectomy could be attenuated by interventions
from specialist staff (especially nurses), who could provide reas-
surance by explaining the patient's management sequence.
The lack of consensus on the feasibility of DCA in adults raises a
number of questions. Even though this procedure is not recom-
mended in adults, some authors have made recommendations for
pediatric populations. In a study of a cohort of 24 children withperforated appendicitis, Whyte et al. concluded that outpatient
interval appendectomy could be performed safely in most children
[9]. This opinion was echoed by Velhote et al. [32]. The data found
in adults (feasibility in around 83% of cases and a readmission rate
of 2%) are similar to those observed in pediatric studies (feasibility
in 86% of cases and a readmission rate of 1.6%). Although these
ﬁndings suggest that DCA is feasible in adults, the high proportion
of missing data is an obstacle to drawing ﬁrm clinical conclusions.
Moreover the recent studies of Cash et al. [23,24] have shown
that the morbidity associated with DCS compared with the
“traditional” management is similar. These data accentuate the
safety of DCS for appendectomy.
5. Conclusion
Our review of mainly retrospective studies suggests that DCA in
adults is feasible and safe. Nevertheless, the low level of evidence,
the high proportion of missing data and the absence of a consensus
deﬁnition of DCS prevents us from advocating DCA in all patients.
Methodologically robust, prospective studies are required before
DCA can be recommended for treatment of the general patient
population.
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